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tognathus	is	represented	by	four	species:	Pr. meischneri,	Pr. collinsoni, 
Pr. kockeli	and	Pr. kuehni.
Although	 Pr. kockeli	 can	 be	 abundant	 in	 boundary	 interval	
sections,	none	of	the	four	Protognathodus	species	has	a	high	potential	












Devoniano/Carbonifero	 il	 genere	 è	 rappresentato	da	quattro	 specie:	










by	 the	 First	 Appearance	Datum	 (FAD)	 of	 the	 cono-
dont	species	Siphonodella sulcata,	within	the	S. praesul-
cata-S. sulcata	lineage	(Paproth	et	al.	1991).	The	Global	
Stratotype	Section	and	Point	 (GSSP)	 is	 located	 in	 the	
La	Serre	Trench	E’	 section,	Montagne	Noire,	France.	
Flajs	&	Feist	(1988)	published	a	biometric	study	of	S. 
praesulcata	 and	 S. sulcata based	 on	 the	La	 Serre	 fau-
nas,	 demonstrating	 that	 transitional	 forms	 are	 very	








arose	 quite	 immediately	 (e.g.,	 Ji	 1987a;	 Flajs	 &	 Feist	
1988;	Wang	&	Yin	1988).	A	redefinition	of	the	Devoni-
an/Carboniferous	boundary	 (DCB)	was	 reputed	nec-
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essary,	 and	 in	 2008	 the	 International	Commission	 on	
Stratigraphy	established	a	working	group	with	the	goal	
to	propose	a	new	criterion	 for	defining	 the	boundary	






a	 taxon	with	 stratigraphic	 potential	 around	 the	DCB	
and	 	well	 known	 since	 Ziegler	 (1969)	 introduced	 the	
“Protognathodus	fauna”	to	define	the	youngest	Devo-






collinsoni Ziegler,	Pr. kockeli	(Bischoff)	and	Pr. kuehni	
Ziegler	&	Leuteritz.		The	goal	of	this	study	is	to	sum-
marize	 the	 current	 knowledge	 of	 these	 species,	 and	
take	 in	 to	 account	 their	 original	 taxonomic	 diagnosis	




Phylogeny and stratigraphy of the early Protognathodus
Genus	Protognathodus comprises	six	species: Pr. 
meischneri	 Ziegler,	 Pr. collinsoni Ziegler,	 Pr. kockeli	
(Bischoff),	Pr. kuehni	Ziegler	&	Leuteritz,	Pr. praedeli-
catus	Lane	et	al.	and	Pr. cordiformis	Lane	et	al.	
Morphological	 features	 and	 stratigraphic	 dis-
tribution	 of	 these	 forms	 allow	 discrimination	 of	 two	
groups:	 an	 early	 group,	 including	 Pr. meischneri,	 Pr. 
collinsoni,	Pr. kockeli	and	Pr. kuehni,	occur	in	the	up-
permost	 	 Famennian	 and	 lower	 Tournaisian;	 in	 these	
species	the	anterior	margins	of	the	cup	are	opposed.	A	
late	group,	 ranging	 in	upper	Tournaisian,	 includes	Pr. 
praedelicatus and Pr. cordiformis,	 which	 have	 larger	
cups	 that	 have	 slightly	 offset	 anterior	 terminations.	





tognathodus	 is	 easy	 to	 follow	 in	 the	 latest	 Devonian	
(Fig.	 1)	 as	 documented	 by	 Ziegler	 (1973).	 Protogna-
thodus	 meischneri,	 the	 oldest	 species	 of	 the	 genus,	
evolved	 from	Bispathodus stabilis	 (Ziegler,	1969)	by	a	
variation	in	the	position	and	shape	of	the	basal	cavity	




Famennian,	 contemporaneous	 to	 the	 first	 occurrence	
of	representatives	of	the	genus	Siphonodella	or	slightly	
before,	as	suggested	by	the	occurrence	of	a	single	speci-
men	 of	Pr. meischneri	 in	 the	Upper	 expansa	 Zone	 in	
Sardinia	(Corradini	et	al.	2003:	tab.	2).	
In	the	very	early	part	of	its	range	Pr. meischneri	
gave	rise	 to	Pr. collinsoni,	 characterized	by	 the	occur-
rence	 of	 scattered	 nodes	 on	 the	 upper	 surface	 of	 the	
slightly	asymmetrical	cup.	Both	of	these	species	range	
to	within	the	Upper	duplicata	Zone	(Over	1992).
Protognathodus kockeli,	 characterized	 by	 an	
asymmetrical	cup	covered	by	at	least	one	longitudinal	
row	of	nodes,	evolved	from	Pr. collinsoni	just	after	the	
Fig.	1	 	-	Phylogeny	 and	 stratigraphic	
distribution	 of	 early	 repre-
sentatives	 of	 genus	 Protog-
nathodus	 across	 the	 D/C	
boundary	 plotted	 against	
selected	 events	 and	 aligned	
to	 the	 biozonation	 schemes	
after	 Sandberg	 et	 al.	 (1978),	
Ziegler	 &	 Sandberg	 (1990)	
and	 Kaiser	 et	 al.	 (2009).	
Sketches	 are	 based	 on	 the	
holotypes	 figured	 in	 Ziegler	
(1973).
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Protognathodus kuehni	 is	 distinguished	 by	 ro-
bust	transverse	ridges	on	the	upper	surface	of	the	cup	
running	 radially	 from	 the	margins	 to	 the	 carina,	 that	
can	 be	 suppressed.	 It	 evolved	 from	 Pr. kockeli	 and	
ranges	from	around	the	present	DCB	to	the	sandbergi	
Zone	(Lane	et	al.	1980).
Repository of the figured specimens.	DSTC:	Dipartimento	
di	 Scienze	 della	 Terra,	 Università	 di	 Cagliari;	 IC:	 Dipartimento	 di	





Protognathodus	 synonymy	 lists	 herein	 only	 in-
clude	figured	specimens	that	could	be	clearly	assessed.	
For	 suprageneric	 classification,	 the	 scheme	 proposed	
by	Sweet	(1988)	 is	 followed.	The	four	species	consid-
ered	 are	 discussed	 in	 stratigraphic	 and	 evolutionary	
order:	Pr. meischneri,	Pr. collinsoni,	Pr. kockeli	and	Pr. 
kuehni.	Taxonomy	is	focused	only	on	P1	elements,	as	
the	 multielement	 apparatuses	 of	 the	 different	 species	
are	unknown.	Translation	of	 the	original	diagnosis	 in	
German	was	provided	by	Sandra	Kaiser;	it	is	essential-

























































Remarks.	Pr. meischneri	 differs	 from	 its	 ances-
tor	Bispathodus stabilis	for	the	more	posterior	position	
and	greater	 expansion	of	 the	basal	 cavity;	 it	 is	distin-
guished	 from	 all	 other	 species	 of	Protognathodus	 by	
the	absence	of	ornamentation	on	the	upper	surface	of	
the	cup.	
Stratigraphic range.	 According	 to	 Ziegler	 &	
Sandberg	 (1984)	Pr. meischneri	 first	occurs	 at	or	near	
the	 base	 of	 the	 Lower	 praesulcata	 Zone;	 however,	 a	
single	 specimen	 (Pl.	 1,	 fig.	 2)	 have	 been	 found	 from	
the	Upper	 expansa	 Zone	 in	 Sardinia	 (Corradini	 et	 al.	
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1973	Protognathodus collinsoni	Ziegler	–	Ziegler	 (in	Ziegler),	
p.	415-416,	Schmidtognathus	Pl.	2,	fig.	4.	





























1993	 Protognathodus meischneri	 Ziegler	 –	 Nemirovskaya	 et	
al.,	Pl.	2,	fig.	20.












genus	Protognathodus	with	 a	weakly	 asymmetrical	 platform,	which	
has	single	nodes	on	the	surface.	The	nodes	can	be	both	on	the	right	
side	and	left	side	(outside	or	inside)	of	the	carina.
Remarks.	Pr. collinsoni	 is	 characterized	 by	 one	
or	 more	 nodes	 scattered	 on	 the	 cup,	 that	 can	 occur	
on	 one	 or	 both	 sides	 of	 the	 carina.	A	 few	 specimens	
with	the	cup	covered	by	nodes,	identified	as	Pr. kock-
eli,	 should	 be	 referred	 to	 Pr. collinsoni,	 as	 the	 nodes	














1969	 Gnathodus kockeli	 Bischoff	 –	 Ziegler,	 p.354,	 Pl.	 1,	
figs.19-25;	Pl.	2,	figs	1-5.
1969	Gnathodus kockeli	 Bischoff	 –	 Schönlaub,	 p.330,	 Pl.	 1,	
figs1-2.


















1987	Protognathodus kockeli (Bischoff)	 –	Kalvoda	&	Kukal,	
pl.	4,	figs	2-3	(only).
























1993	 Protognathodus kuehni	 Ziegler	 &	 Leuteritz	 –	 Ne-
mirovskaya	et	al.,	Pl.	2,	fig.	19.
1992	Protognathodus kockeli	(Bischoff)	–	Over,	fig.7.16.
1994	Protognathodus kockeli	 (Bischoff)	 –	 Korn	 et	 al.,	 Pl.	 5,	
figs.	4-11;	Pl.	7,	figs	8,	10	(only).
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2003	Protognathodus kockeli	 (Bischoff)	 –	Corradini	 et	 al.,	 p.	
235,	pl.	4,	figs	1-2.






2009	Protognathodus kockeli	 (Bischoff)	 –	Kaiser	 et	 al.,	Pl.	 1,	
figs	10-11;	Pl.	2,	fig.	16.










Remarks.	 The	 coarse,	 nodose,	 ornamentation	
and	the	presence	of	at	 least	one	row	of	nodes	parallel	
to	 the	 carina	on	one	half	 of	 the	 cup	 characterizes	Pr. 
kockeli;	scattered	unarranged	nodes	may	occur	on	the	






Transitional	 forms	 between	 Pr. kockeli	 and	 Pr. 







nathodus.	 It	 has	 a	 wide	 geographic	 distribution,	 al-













1969 Protognathodus n. sp. A Ziegler p.355, Pl. 1, fig. 26.
1970 Protognathodus kuehni n.sp. Ziegler & Leuteritz (in 
Koch et al.), p.715, Pl. 8, figs 6-16.
non 1970 Protognathodus kuehni n.sp. Ziegler & Leuteritz (in 
Koch et al.), p.715, Pl. 8, fig. 4.
1973 Protognathodus kuehni Ziegler & Leuteritz – Ziegler (in 
Ziegler), p. 419-420, Schmidtognathus Pl. 2, fig. 6.
1984 Protognathodus kuehni Ziegler & Leuteritz – Wang & 
Yin, Pl. 3, fig. 13.
1984 Protognathodus kockeli → kuehni – Luppold et al., Pl. 
4, fig. 3
1987 Protognathodus kuehni Ziegler & Leuteritz – Feist & 
Flajs, Pl. 2, fig. 1.
























other	 representatives	of	 the	 genus.	Transitional	 forms	
from	Pr. kockeli	are	known:	they	bear	both	transverse	
ridges	 and	 nodes	 and	 have	 a	more	 asymmetrical	 cup	
than	Pr. kuehni.
In	 lateral	 view	 the	 carina	 does	 not	 rise	 above	
the	ornamentation	and	in	some	specimens	can	be	sup-
pressed	in	the	posterior	part	of	the	cup.	








Stratigraphic and geographic distribution
Representatives	 of	 genus	 Protognathodus	 are	
relatively	widely	distributed	 in	uppermost	Devonian-
lowermost	 Carboniferous	 rocks	 around	 the	 world	
(Figs	 2-3;	Tab.	 1).	However,	 their	 abundance	 is	 often	
associated	with	peculiar	 environmental	 conditions.	 In	
deeper-water	sediments	the	occurrence	is	very	irregular	
and	often	 the	different	species	 first	occur	 together,	or	
not	in	stratigraphic	order.	In	several	localities	they	have	
been	 reported	only	 from	a	higher	part	of	 their	 strati-
graphic	range	(see	below	for	examples	and	discussion).	
In	North	America	“the	major	habitat	of	the	Pro-
tognathodus	 fauna	 was	 in	 nearshore	 or	 lagoonal	 set-




homa,	 occurs	 in	 association	 with	 offshore	 taxa.	 In	
southern	Europe	Protognathodus	 is	 thought	to	reflect	
depositional	 settings	at	 the	continental	 rise	and	 lower	





the	 assessment	 of	 the	 protognathodid	 biofacies	 as	 an	
indicator	of	 a	 shallowing,	has	 to	be	 reconsidered	 (see	
discussions	in	Kaiser	et	al.	2008).	More	likely,	the	oc-
currence	 of	 the	 Protognathodus	 fauna	 can	 be	 related	
to	biotic	opportunism	during	a	rise	 in	sea	 level	 in	the	
latest	Devonian,	as	evidenced	 in	many	sections	 in	 the	
Rheinisches	Schiefergebirge.
In	 the	 base	 of	 the	 Carboniferous	 GSSP	 at	 La	











higher	 in	 the	 section,	 together	with	 Si. quadruplicata 
(Kaiser	et	al.	2009:	tab.	6).
Similar	 late	 first	 occurrences	 of	Pr. kuehni,	 and	
often	also	of	Pr. kockeli,	are	well	documented	in	vari-
ous	geographic	areas:	Poland	(Szulczewski	1973;	Dzik	
1997),	 Cantabrian	 Mountains	 (Higgins	 &	 Wagner-
Gentis	 1982;	 Garcia-Alcalde	 &	 Menendez-Alvarez	
1988),	Sardinia	(Corradini	et	al.	2003;	Corradini	2008)	












	 	4)	 IC	P149	 966564;	 Plan	 di	Zermula	C	 section,	Carnic	
Alps,	sample	PZC	1;
	 	5)	 IC	P149	 966569;	 Plan	 di	Zermula	C	 section,	Carnic	
Alps,	sample	PZC	1;	




	 	8)	 SMNS	67400;	La	Serre	Trench	E’	 section,	Montagne	
Noire,	sample	70.
Figs	9-21	 	Protognathodus kockeli (Bischoff,	1957)


























Figs	22-23	 	Protognathodus kuehni Ziegler	&	Leuteritz,	1970
	 	22)	SMNS	67400a;	Milles	section,	French	Pyrenees,	sam-
ple	Mi	9	top.
	 	23)	 SMNS	 67710;	Grüne	 Schneid	 section,	Carnic	Alps,	
sample	GS	6c2.
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In	the	French	Pyrenees,	at	Milles	(Cygan	&	Per-
ret	1998;	Kaiser	et	al.	2009)	abundant	protognathodids	
(mainly Pr. kockeli)	 enter	 at	 the	 base	 of	 bed	 9,	 just	
above	a	siliciclastic	bed	interpreted	as	an	equivalent	of	
the	Hangenberg	Black	Shale	(Kaiser	et	al.	2009).	Here	




Pr. meischneri,	Pr. collinsoni	and	Pr. kockeli	have	their	
first	occurrence	all	 together,	and	Pr. kuehni	 is	not	 re-
ported	(Perret	1988);	finally,	in	the	Garcet	section	(Per-




In	 the	 Carnic	 Alps,	 the	 Grüne	 Schneid	 section	
exposes	 a	 continuous	 condensed	 calcareous	 sequence	
across	the	boundary	(Schönlaub	et	al.	1988,	1992;	Kai-
ser	 et	 al.	 2006).	 Protognathodus meischneri	 and	 Pr. 
collinsoni	enter	 in	association	and	are	 followed,	 in	se-
quence,	 by	 Pr. kockeli	 and	 Pr. kuehni (Kaiser	 2007).	
The	 latter	 species	 is	documented	only	by	 two	certain	
and	five	questionable	specimens	from	four	samples	col-
lected	 in	 a	 15	 cm	 thick	 interval	 and	 represents	 about	
1%	 of	 the	 association	 (Kaiser	 2005:	 118),	 while	 Pr. 
kockeli,	Pr. meischneri	and	Pr. collinsoni	are	quite	abun-
dant	in	some	beds.	












of	 the	Protognathodus	 fauna	 of	Ziegler	 (1969),	 sever-
al	 sections	 spanning	 the	DCB	have	 been	 studied	 and	
documented	(i.e.	Clausen	et	al.	1987,	1989b;	Korn	et	al.	
1984;	 Kaiser	 2005	 and	 references	 therein).	 Protogna-
thodids	are	always	present,	but	in	many	sections	they	
are	very	 rare	 and	 their	occurrence	 is	 limited	 to	 a	 few	
beds.	The	only	sections	in	which	protognathodids	are	
abundant	(e.g.,	Seiler-	Schurf	III	and	Schurf	0,	Clausen	







In	 the	 Nanbiancun	 II	 section,	 Guangxi,	 South	
China	 (Ji	 et	 al.	 1989;	Wang	 1995;	Wang	&	Yin	 1988)	
Pr. kockeli	first	occurs	in	bed	52	(sulcata	Zone	after	Ji	
Fig.	2	 	-	Geographic	 distribution	 of	
Protognathodus	 species.	 Pa-
	 	 laeogeographic	 map	 redrawn	
after	Scotese	(2001).
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et	al.	1989;	Upper	praesulcata	Zone	after	Wang	1995),	
whereas	Pr. meischneri	 only	 enters	 in	 bed	 54	 (Lower	
duplicata	 Zone	 after	 Ji	 et	 al.	 1989;	Upper	praesulcata	
Zone	 after	Wang	 1995).	Protognathodus kuehni	 has	 a	
single	occurrence	in	bed	56	(Lower	duplicata	Zone	af-
ter	Ji	et	al.	1989;	basal	sulcata	Zone	after	Wang	1995),	
but	 this	 finding	 should	 be	 confirmed,	 since	 the	 only	
specimen	figured	as	Pr. kuehni	actually	belongs	to	Pr. 
kockeli.	 In	 levels	 across	 the	DCB	 in	 the	Nanbiancun	
II	section,	protognathodids	are	uncommon,	represent-




In	 the	 Muhua	 section,	 Guizhou,	 South	 China,	
all	four	species	of	Protognathodus	have	been	found	to-










from	 the	 Lower	 praesulcata	 Zone	 to	 the	 Lower	 du-
plicata	 Zone,	 but	 it	 is	 difficult	 to	 consider	 these	 data	
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because	of	inconsistence	between	text	and	figures	(i.e.	
page	31-34,	90-91;	text	figs	6-7;	pl.	18).	The	protogna-
thodids	 are	 relatively	 abundant	 in	 the	 limestone	beds	
just	 above	 the	 equivalent	 of	 the	 Hangenberg	 Black	
Shale	(Bed	E),	but	the	abundance	drastically	decreases	
at	the	base	of	the	sulcata	Zone	(Ji	et	al.	1989:	fig.	7)	




early	 species	 of	 Protognathodus	 are	 clear.	 A	 transla-
tion	in	English	was	provided	very	soon	after	they	were	
established	 (Ziegler	 1973).	 The	 great	 majority	 of	 the	
specimens	 of	 Protognathodus	 can	 be	 easily	 assigned	















































Bechar – Algeria (Famennian–Tournaisian) (Weyant 1988) T
Cantabrian Mt – Spain (Famennian–Tournaisian) (van Adrichem Boogaert 1967) T
Cantabrian Mt – Spain (Famennian–Tournaisian) (Garcia Alcalde & Menendez Alvarez 1988) T T
Cantabrian Mt – Spain (Tournaisian) (Higgins & Wagner Gentis 1982) T T T
Cantabrian Mt – Spain (Famennian–Tournaisian) (Sanz Lopez et al. 1999) F F T F
Czech Republic (Famennian–Tournaisian) (Kalvoda & Kukal 1987) T T F F F F–T
Graz – Austria (Famennian–Tournaisian) (Ebner 1980) F F F–T T T
Iran - Alborz Mts. (Famennian–Tournaisian) (Habibi et al. 2008) T
Iran -Tabas (Famennian–Tournaisian) (Bahrami et al. in prep. - pers. com.) T T
Montagne Noire - France (Famennian–Tournaisian) (Feist & Flajs 1987) T F–T F–T T
Montagne Noire - France (Famennian–Tournaisian) (Flajs & Feist 1988) T T T F F F
Montagne Noire - France (Famennian–Tournaisian) (Kaiser et al. 2009) F–T T T F F
Pyrenees - France (Famennian–Tournaisian) (Perret 1988) F F–T F–T
Sardinia (Famennian–Tournaisian) (Corradini et al. 2003) F–T T T T
Southern Alps (Famennian–Tournaisian) (Gedik 1974) T
Southern Alps (Famennian–Tournaisian) (Kaiser 2007) F–T T F–T T
Southern Alps (Famennian–Tournaisian) (Perri & Spalletta 2001) T T T
Southern Alps (Famennian–Tournaisian) (Schönlaub 1969) T ? T
Southern Alps (Famennian–Tournaisian) (Schönlaub et al. 1988) F F–T F
Ardennes – Belgium (Famennian) (Dreesen et al. 1976) F F F
Germany (Tournaisian) (Buggisch & Michl 2002) T T T
Germany (Famennian–Tournaisian) (Clausen et al. 1989a) F T T
Germany (Famennian–Tournaisian) (Clausen et al. 1989b) F–T F–T T
Germany (Famennian–Tournaisian) (Kaiser et al. 2009) T T F-T F-T F
Germany (Famennian–Tournaisian) (Korn et al. 1994) F–T
Germany (Famennian–Tournaisian) (Luppold et al. 1984) T T T T
Germany (Tournaisian–Visean) (Voges 1959) T
Germany (Famennian) (Ziegler 1969) F F F F
Germany (Famennian–Tournaisian) (Ziegler & Leuteritz in Koch et al. 1970) X T F–T F–T F–T
Great Britain (Famennian) (Austin et al. 1985) F F F
Holy Cross Mt. – Polonia (Famennian–Tournaisian) (Szulczewski 1973) X X X
Polonia (Tournaisian) (Dzik 1997) T T
Polar Ural Russia (Famennian–Tournaisian) (Nemiroskaya et al. 1993) T T T F F
USA – Illinois (Tournaisian) (Collinson et al. 1962) T
USA – Midcontinent (Famennian) (Chauffe & Nichols 1995) F F F
USA – Missouri and Illinois (Tournaisian) (Chauffe & Guzman 1997) T
USA – Oklahoma (Famennian–Tournaisian) (Over 1992) T T F F F T
USA – Wyoming (Tournaisian) (Lane et al 1980) T
Omolon Block Far East Russia
NE Siberia (Famennian–Tournaisian) (Gagiev & Kononova 1990) F F–T T T T F
Tajikistan
Tajikistan (Tournaisian) (Bardasheva et al. 2004) T T
Guangxi - China (Famennian) (Wang & Ziegler 1983) F F
Guilin – China (Famennian–Tournaisian) (Wang & Yin 1988) F F F–T
Guizhou - China (Famennian–Tournaisian) (Hou et al. 1984) T T T F F
Guizhou - China (Famennian–Tournaisian) (Ji et al. 1989) F F–T F F F
Guizhou - China (Famennian–Tournaisian) (Wang & Yin 1984) T F F F
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mainly	in	the	upper	part	of	the	lineage	(Pr. kockeli-Pr. 
kuehni).	The	diagnosis	of	Pr. kockeli	is	slightly	amend-



























4.	 Outside	 central-southern	 Europe	 Protogna-
thodus	is	quite	rare,	and	in	some	geographic	areas	such	
as	in	Australia,	completely	absent,	or	enters	only	in	the	
Carboniferous,	 often	 together	with	 Si. duplicata	 (i.e.:	
western	USA).
5. Pr. kockeli	 is	 the	most	 abundant	 and	widely	
documented	 species	 of	 Protognathodus,	 used	 as	 the	
marker	of	the	Upper	praesulcata	Zone	(=	kockeli	Zone	
after	Kaiser	et	al.	2009,	the	last	Devonian	biozone).	It	
has	 a	 wide	 geographic	 distribution,	 but	 in	 many	 re-
gions	it	occurs	only	in	the	Carboniferous	(Fig.	3).	




et	 al.	 (1974:	 272)	 recoveries	 are	 irregular,	 even	 in	 the	
type	 area:	 “whether	 the	Pr. kuehni	 is	 found	 depends	
on	 sample	 quantity	 and	 some	 luck:	 sample	 1008-330	
yielded	 one	 specimen	 of	 each	 of	 the	 four	 species	 of	
Protognathodus,	while	 in	sample	1008-294	[same	bed]	
among	 170	 Protognathodus	 specimens	 no	 Pr. kuehni	
was	found.”
In	conclusion,	Protognathodus	can	be	of	help	in	
stratigraphic	 works	 across	 the	 Devonian/Carbonifer-
ous	boundary,	but	its	potential	as	a	tool	for	defining	the	
DCB	is	low,	and	a	decision	should	consider	the	rarity,	
at	least	of	Pr. kuehni,	Pr. collinsoni	and	Pr. meischneri,	
and	the	restricted	stratigraphic	ranges	of	the	taxa.	













of	 the	 Protognathodus	 fauna	 from	 Stockum	 (Devo-
nian/Carboniferous	 boundary,	 Rhenish	 Schieferge-
birge).	Newsl. Stratigr.,	3:	263-276.





(2004)	 -	 Stratigraphy	 and	 conodonts	 of	 the	 Lower	
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